Abstract not satisfy the OFEP conditions, This paper deals with a controller design problem for timevarying nonlinear systems with higher order rel-. ative degree. A robust adaptive tracking control for time-varying nonlinear systems with stable zero dynamics will be proposed based on the high-gain a d a p tive output feedback and backstepping strategies. The proposed method utilizes filtered signals of the control input to construct the robust adaptive controller instead of state variables. Therefore, the proposed method is useful in the case where only the output signal i s available.
Introduction
It is well known that one can stabilize uncertain nonlinear systems with OFEP(output feedback exponentially passive) property by a high-gain output feedback based control with simple structure [1]- [3] . A nonlinear system is said to be OFEP if there exists an output feedback such that the resulting closed-loop system is exponentially passive [I] . The sufficient conditions for a nonlinear system t o be OFEP are that (1) the system has relative degree of 1, (2) the system be globally exponentiaI minimum-phase and (3) the nonlinearities of the system satisfy the Lipschitz condition. As shown in [2] [3], using the OFEP property of the controlled system, one can design an output feedback based adaptive controller. Since the adaptive control methods based on the OFEP property utilize only the output signal in order to design the controller and it is not required t o design an observer €or control, the OFEP based control methods have a very simple structure. Further since the methods have a strong robustness with r e spect to bounded disturbance in spite of its simple structure, the methods are considered a a powerful control tool for uncertain nonlinear systems. Unfortunately the OFEP conditions impose very severe restrictions to practical applications of the above-mentioned adaptive schemes because most practical systems do ' With this problem in mind, some alleviation methods to the OFEP condition have been proposed [3]- [5] .
Method in [3] and [4] alleviated the OFEP condition by introducing a parallel feedforward compensator(PFC) in parallel with the controlled system. Although this method can solve the restriction for relative degree, since the controller is designed for an augmented controlled system with PFC, the bijs error from the PFC output may remain. Method in [5] is a robust control scheme for non-OFEP systems with nonlinear uncertainties that do not satisfy the Lipschitz condition, however this method is suitable for systems with relative degree of 1.
In this paper, we consider the uncertain nonlinear systems of the triangular form with nonparametric and time varying uncertainties. For such systems, several robust adaptive controller design strategies have been proposed [7] - [10] . Unfortunately most of these methods, however, required the state variables in order to design the controller [7] Here we will propose a robust adaptive tracking control, which is based on a high-gain output feedback adaptive control, for a class of uncertain time-varying nonlinear system of triangular form with nonparametric and time varying uncertainties and with higher order relative degree. We extend the robust adaptive control method in [5] Under these assumptions the control objective is to achieve the god:
for a given positive constant 6 and a smooth reference signal y*((t) such as
with positive constants Po and PI.
3 Controller Design
Virtual system
For the controlled system (1) we introduce the following ( r -1)th order virtual filter:
The virtual system, which is obtained by considering ufl given from a virtual filter as the control input, can be expressed by the following form with an appropriate variable transformation using the filtered signals uji given in (9).
where gi,Tfl - 
The uncertain vector function F ( y , <, 7, t ) can be eval-
with unknown positive constants pl and po and a known function d(y) which has the following property for any variable y1 and y2: 
(1' ) following error svstem
Controller design through Backstepping
Step 1: Defining v ( t ) = y ( t ) -y * ( t ) as the tracking error, the virtual system (10) can be rewritten as the Step r : This step is the final step. In this step, we design the actual control input as follows:
using ai given in (40) or (49). In the final step, we consider the following positive definite function V,: 
V)+f~(v+Y*,E,rl)](70)
all the time derivative of V for ( v ,~) E flo and ( e ,~) E QV, c a n be evaluated as follows: 
V ( t )
Since the right-hand side of (79) will eventually become negative as t 4 ca, the inequality contradicts the fact that V 2 i b ; f bFV and this means that the interval In this simulation the reference signal is y*(t) = sin2t and we set the design parameters as follows:
= Y R = yCl = yc2 = 1, kr(0) 1.5
Figs. 1 to 7 show the simulation results. We can see the tracking error converges into the bound 5 = 0.05
and obtain a good tracking performance. Finally, we can attain the control objective (7) by setting the positive constant 6, as 6, = 6.
Conclusions 4 Numerical simulation
Here the effectiveness of the proposed method is confirmed through a numerical simulation.
In this paper, we proposed a robust adaptive tracking control, which is based on high gain output feedback and backstepping strategies, for a class of uncertain time-varying nonlinear systems with higher order rel- . . [9] Z-P. 
